Four commercial kits, Oxi/Ferm (OF), API 20E (AP), Minitek (MT; BBL Microbiology Systems), and Flow N/F (NF), were evaluated, without additional tests, for identification of 258 gram-negative nonfermentative rods. OF and MT were read after 48 h of incubation, and AP and NF were read after both 24 and 48 h of incubation, respectively. Overall, OF correctly identified 51% of strains, with 46% as part (but not first) of a spectrum of identifications (SI), and 3% incorrect species identification. MT yielded 85% correct identification, with 15% SI. Of 126 glucose-positive strains, or those with 23 positive AP reactions after 24 h, 60% were correctly identified, with 40% SI; incubation for an additional 24 h raised the rate of correct identification to 99%, with 1% SI. A total of 132 strains yielded <3 positive AP reactions after 24 h and were identified after 48 h only; of these, 82% were correctly identified, with 17% SI and 1% incorrect species identification. NF correctly identified 79% of cultures after 24 h, with 21% SI; corresponding figures after an additional 24 h of incubation were 80% and 20%, respectively. Ail four commercial methods show promise; OF is easiest to inoculate, but requires extra tests for optimal identification. AP reliably identifies the majority of clinically important nonfermenters, with fairly good species identification of saccharolytic strains after 24 h. MT yields reliable identification of most nonfermenters and has the advantage of flexibility. NF is easy to inoculate, yields satisfactory identification rates, and may be read after 24 h of incubation.
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Gram-negative nonfermenting aerobic rods are becoming increasingly implicated in human disease, especially of nosocomial origin (11, 17, 20) . The complex physicochemical properties of these organisms necessitate a battery of conventional tests for their precise identification. In addition, much confusion still exists concerning the taxonomic status of many of these organisms. Lack of personnel or other resources prevents many clinical microbiology laboratories from identifying most of these organisms by conventional means. Therefore, identification has often been neglected, especially when antimicrobial sensitivity results are available. A1-though such data may be adequate for patient treatment, it does not yield satisfactory epidemiological information. As interest in these organisms has increased, a number of computerized rapid identification systems have been developed and marketed (1, 2, 6, 7, 9, 10, 12-15, 18, 19, 21) .
The smaller microbiology laboratory is in need of a rapid, reliable method of nonfermenter identification. The purpose of this study was (1, 21) . Pseudomonas aeruginosa strains were initially inoculated into the two-tube screen; only organisms which failed to key out with the latter were inoculated onto the wheel.
Strains of Pseudomonas fluorescens and Pseudomonasputida were inoculated into both tubes and wheels irrespective of whether positive identification was possible with screen tubes only; this was to generate more data for the NF system. Oxidase-negative strains were inoculated onto the wheel only. 42P screen tubes were incubated at 42°C, and GNF screens plus wheels were incubated at 35°C. Interpretation of reactions was according to the manufacturer's recommendations, utilizing a computer code book (1, 21) . Numbers which did not appear in the code book were referred to the firm's computer facilities. Where the code book revealed a spectrum of more than one organism as the possible species, identification was with the organism of greatest statistical likelihood, without performance of supplemental tests.
RESULTS
Biochemical reactions of strains in the four systems are available from the authors on request. In general, most tests gave expected reactions. OF nitrogen (N2) gas production was often difficult to interpret, owing to accumulation of bubbles under the wax overlay. Citrate utilization tests also presented difficulty with OF, owing to equivocal greenish-blue color production, which could have been interpreted as either positive or negative. Nitrate reactions with AP were satisfactory only if the method recommended by the manufacturer was strictly adhered to: if powdered instead of granular zinc was used, or if strips were not left open for at least 10 to 15 min after zinc addition, equivocal reactions resulted. Motility was the most difficult test to interpret in AP. In many cases, only a few motile outgrowths from the primary inoculum were found, necessitating interpretation by an experienced technologist for optimal results. Positive AP indole reactions were often weak and took 1 to 2 min to develop satisfactorily. MT nitrate reductase tests gave rapid results, but inaccuracies occurred, especially false-negative tests for N2 gas production. The sensitivity of Key gelatin disks, as presently available in the MT system, was low. NF gave rise to problems in interpretation of N2 gas and indole production. N2 gas interpretation difficulties arose when scanty, small bubbles were produced on the butt surface beneath the constriction; these were read as positive, whereas bubbles or cracks along the inoculation stab line were taken as negative. The Flow indole method was difficult to interpret: when a red color did develop, this was often weak and difficult to see.
Only the NF system offered species identification of most strains. With the exception of Moraxella phenylpyruvica, Moraxella strains were identifiable to genus only by OF and MT; AP offers only genus identification of moraxellas. OF and AP identify Alcaligenes strains to genus only, whereas MT identifies these organisms as Alcaligenes/Pseudomonas species. Acinetobacter calcoaceticus biotypes haemolyticus and alcaligenes were identified as biotypes anitratus and lwoffi, respectively, by all four systems. The differentiation of A. calcoaceticus into four biotypes on the grounds of sugar oxidation, hemolysis, and proteolysis (4) (15) A. calcoaceticus biotype alcaligenes' (14) A. faecalis (12) A. odorans (14) A. denitrificans (12) M. osloensis (7) M. phenylpyruvica (2) M. urethralisf (4) M. nonliquefaciens (11) M. meningosepticum (9) P. cepacia (12) (2, 6, 13, 18) . Difficulties in interpretation of N2 gas reactions have been described before (10) . Conflicting reports on the accuracy of the OF citrate test have appeared in the literature (2, 6, 7, 10, (12) (13) (14) . In our hands, citrate utilization reactions were difficult to interpret and responsible for mis-identification of five P. maltophilia strains, as well as non-identification of one strain of F. meningosepticum (code number 0251). Advantages of OF include ease of inoculation and the infrequent need to consult the manufacturer's computer facilities with numbers not present in the code book. In our opinion, the value of OF, especially in the smaller laboratory without facilities for many recommended conventional tests, would be improved by inclusion of more reactions (e.g., mannitol, lactose, maltose, deoxyribonuclease, esculin, ONPG) in the tube, with correspondingly longer code numbers and a more comprehensive code book. When a spectrum of identifications is encountered, statistical data on the likelihood of each would also be valuable. Improvement of existing N2 gas and citrate tests would further enhance the value of the OF system.
Identification by AP of saccharolytic nonfermenters after 24 h was satisfactory for the majority of strains, with the exception of P. aeruginosa (Table 2 ). Ail 48 strains of the latter organism were identified as SI (mainly P. fluorescens group) after 24 h, with precise species identification only after additional expanded AP tests.
Gelatin negativity of 10 out of 11 P. fluorescens strains in AP tests precluded accurate identification of this organism group. Problems in interpretation of the AP motility test were responsible for SI of Alcaligenes strains and for the one incorrect AP identification (Table 7) ; improvement in sensitivity of the latter test would enhance the capabiity of the AP system to identify nonfermenters. Reports in the literature on the accuracy of AP nonfermenter identification have varied; most workers agree that oxidase-negative bacteria, such as P. maltophilia and A. calcoaceticus biotypes, are reliably identified by this system (2, 6, 9, 12, 13, 19, 21 ), but problems have been encountered in the species identification of P. aeruginosa (6, 9, 13, 21). In the light of these findings as well as our own, it seems that the expanded 48-h AP system may be necessary for differentiation of P. aeruginosa from other saccharolytic oxidase-positive nonfermenters. Problems in AP identification of P. cepacia reported by others (2, 6, 9, 21) were not encountered in our study. A practical difficulty VOL. 12, 1980 on August 14, 2017 by guest http://jcm.asm.org/ (15, 16) . If the OA method is marketed, it may prove to be one of the best commercial methods for identification of this organism group. In summary, all four systems evaluated in this study show promise for identification of common, clinically significant nonfermenters: OF is the easiest to inoculate, whereas AP has the advantage of identifying Enterobacteriaceae. The MT system has the advantage of flexibility. The NF method is the only system to identify most organisms reliably after 24 h and has the added advantage of identifying most P. aeruginosa strains by the two-tube screen only. All four systems may be improved with a view to use without additional tests, by addition of new tests or modification of existing ones. In this way, accurate nonfermenter identification could be placed within the reach of smaller laboratories which do not possess facilities for extended conventional testing.
